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Abstract. The traditional diagnostic test for Tritrichomonas foetus involves collection of preputial or vaginal samples followed by culture in a growth media and microscopic examination. Recently, polymerase chain reaction (PCR) techniques have been described for use as a diagnostic assay. The objective of this study was to evaluate a previously described PCR assay for detecting T. foetus in cultured preputial material. The detection limits of the assay for T. foetus organisms in a growth medium, in samples prepared from washing microscope slides, and in preputial material cultured in a growth medium were determined. Preputial samples were collected from 13 bulls uninfected with T. foetus. The PCR assay was able to detect 5 T. foetus organisms in the growth medium and the cultured preputial material. Amplification products were obtained from samples prepared from washes of microscope slides containing as few as 3 visualized organisms. The PCR assay was able to detect organisms in culture at a lower concentration than was possible by direct microscopic examination. This low detection limit may allow the PCR assay to be used to enhance the sensitivity of the current diagnostic test. In addition, the assay could be used to confirm the identification of T. foetus organisms observed by direct microscopic examination when other confirmation techniques, such as staining and phase microscopy, are not practical.
Trichomoniasis is a venereally transmitted reproductive disease of cattle caused by the protozoan parasite Tritrichomonas foetus. 2 Infection is usually inapparent in bulls but can cause early embryonic death and abortion in cows. 2 While cows tend to clear the infection, bulls can remain carriers for life and act as the main reservoir of the parasite. 5 Trichomoniasis can be a source of extensive economic loss in cow-calf operations. 13 Control programs focus on identifying and culling infected bulls and culling nonpregnant cows. 2 Preventing the transmission of the disease through culling practices relies on the ability of a test to accurately identify infected animals.
The currently accepted diagnostic test for T. foetus is direct microscopic examination following culture in any of a number of described media. Samples are collected from the prepuces of bulls or vaginas of cows.
The key morphological features of T. foetus and the characteristic rolling motion of the live organism in culture have been described. 2, 10, 14 Correct diagnosis of T. foetus infection depends on proper collection and sample handling, use of appropriate growth media, and correct identification of the organism by microscopic examination. In samples where growth is adequate, it is possible to detect and identify the organisms by phase contrast microscopy 10, 15 or to use staining methods 11 to aid in visualizing diagnostic features of T. foetus. For some samples, the growth of T. foetus is inhibited and the number of organisms fails to reach adequate numbers for utilizing phase microscopy or staining techniques, possibly due to contamination with other microbes. 2, 10 It would be useful to have a more practical and reliable method for confirming that observed organisms are T. foetus.
Diagnostic tests for T. foetus using PCR on purified culture and preputial samples have been described. 7, 8 While these PCR-based assays are able to detect the presence of small numbers of parasites, the diagnostic sensitivity appears to be similar to that of the culture test, possibly due to inhibition of the PCR assay in some samples. 7, 8 A test that bridged this gap to provide an improvement in diagnostic sensitivity would be of use to the diagnostic laboratory. Possibly a PCR assay could detect low numbers of organisms present in the culture medium where direct microscopy fails, while the effects of the amplification inhibitors are minimized. The objective of this study was to evaluate the detection limit of the PCR assay for T. foetus organisms in modified Diamond's medium in which preputial samples had been cultured. This study was also designed to evaluate the usefulness of the PCR assay in identifying organisms visualized by direct light microscopy in a wet-mount preparation to be utilized as a confirmatory test.
The T. foetus organisms (field isolate CAPTF 122) were propagated in modified Diamond's medium 4 to provide flagellates for the creation of spiked samples. Samples for extraction from culture medium were prepared by removing 0.1 ml from serial dilutions of a stock solution of T. foetus organisms in culture. Two counts were done with a hemocytometer to determine the concentration of the stock solution, and then serial dilutions were prepared to produce culture media with concentrations of 10,000, 1,000, 100, and 50 T. foetus/ ml, respectively.
Microscope slides of wet mounts were prepared from T. foetus (CAPTF 122) cultured in modified Diamond's medium. Slides observed to have approximately 5, 50, and 2 ϫ 10 5 flagellates present were carefully washed with 1 ml of phosphate buffered saline (pH 7.3) into a 5-ml tube. This wash was used for PCR detection. Each tube was centrifuged at 850 ϫ g for 10 minutes and the supernatant removed to leave approximately 0.5 ml. Samples of 0.1 and 0.3 ml of the resuspended precipitate were used for extracting DNA.
Thirteen bulls uninfected with T. foetus were maintained at facilities appropriate for handling bulls in accordance with animal care guidelines of the Canadian Council for Animal Care and used as a source of preputial samples for spiked samples. These were all Charolais bulls ranging in age from 2 to 10 years. Multiple samples were collected from 8 of these bulls for use in this study. Preputial samples were collected by scraping the prepuce with an artificial insemination pipette while applying suction and were inoculated into a thioglycollate transport medium 4 and transported to the laboratory within 1 hour. The samples were centrifuged at 850 ϫ g for 10 minutes and the supernatant removed to leave approximately 0.5 ml or twice the pellet size, whichever was greater. The remaining sample was resuspended and inoculated into a tube containing 5 ml of modified Diamond's medium 4 by layering the suspension on the top of the medium. The tubes of modified Diamond's medium inoculated with preputial material were incubated for 1 day at 37 C. To prepare the spiked postculture samples, 1 ml was removed from the bottom of the inoculated Diamond's tubes and spiked with approximately 1 ϫ 10 4 , 1 ϫ 10 3 , 5 ϫ 10 2 , 1 ϫ 10 2 , or 5 ϫ 10 1 T. foetus organisms and vortexed. A stock solution of T. foetus was prepared for each of the 4 days when spiked samples from cultured preputial material were made. At each time, 4 counts were performed with a hemocytometer to determine the concentration of T. foetus in the stock solution. The mean concentrations of these stock solutions were 5.4 Ϯ 0.3 ϫ 10 4 , 5.4 Ϯ 0.8 ϫ 10 4 , 2.4 Ϯ 0.7 ϫ 10 4 , and 2.4 Ϯ 0.5 ϫ 10 4 T. foetus/ml, respectively. The necessary volume of stock solution to be added to each sample to achieve the required number of organisms to be added was then calculated from the mean concentration of organisms determined by the 4 counts. This volume was kept below 0.25 ml to minimize any dilution effect, with most volumes added being less than 0.05 ml into the 1 ml of cultured preputial material. For the lower spike numbers, the stock solution was diluted. The number of organisms added to which bulls sample was randomly determined, except for 1 set, which was done as a replicate of the preceding set. For samples spiked with 1 ϫ 10 4 flagellates, two 0.1-ml volumes were removed and extracted, and for all other spiked samples, three 0.1-ml and one 0.3-ml volumes were removed and extracted as described below.
Each set of samples tested included negative controls composed of reagents used in the extraction process. Samples of modified Diamond's medium were present as negative controls for the PCR assay of the organisms in pure culture. Further negative controls for the PCR assay of spiked postculture preputial material were prepared by withdrawing 0.1 ml from each cultured preputial sample prior to spiking to include in the extraction set.
All DNA extractions were carried out in 1.5-ml Ep- pendorf tubes containing 0.2 ml of 0.05% agar. The DNA from the spiked culture samples as well as the wet-mount samples described above were extracted in the same manner. Samples were vortexed for 3-5 seconds and then centrifuged at 16,000 ϫ g for 5 minutes. The supernatant was discarded and 0.2 ml of 5% (w/ v) resin a solution was added to each tube. The resin solution was kept at room temperature and stirred continually while aliquots were removed with a large bore pipette tip (tips were cut off with sterile scissors) for addition to the extraction tubes. The agar pellet and the rest of the extraction mix were resuspended in the resin solution by vigorous flicking of the tube and then by vortexing for 3-5 seconds. Extraction tubes and their contents were boiled for 15 minutes, placed on ice for 15 minutes, vortexed for 3-5 seconds, and then centrifuged at 16,000 ϫ g for 10 minutes. The supernatant was used as template for the PCR assay. As necessary, dilutions of supernate (1:10) were prepared in sterile DNA-free water.
The PCR primers (TFR3-CGGGTCTTCCTATAT-GAGACAGAACC and TFR4-CCTGCCGTTGGAT-CAGTTTCGTTAA 5Ј to 3Ј) and conditions used for the T. foetus PCR reactions to produce a 347-bp amplification product were described previously by Felleissen and others. 7 Briefly, the PCR reaction was carried out in a 50-l final volume with a sample template volume of 5 l. The DNA polymerase used was 2.0 U AmpliTaq Gold, b and the final concentrations of magnesium chloride, dNTPs, and primers were maintained at 1.5 mM, 0.2 mM, and 1.0 M, respectively. Samples were overlaid with mineral oil, and the am-plification reactions were carried out in a Perkin-Elmer 480 thermocycler. b Amplification products were separated by electrophoresis on 1.5% agarose gels and detected by staining with ethidium bromide. Amplified DNA bands were recorded and analyzed on a digital image recorder. c Using standard techniques, nucleotide sequences were obtained from amplification products produced by these primers and conditions from a sample collected from a bull in the same infected pasture as the bull from which CAPTF 122 was obtained.
Samples of 0.1 ml of culture medium containing 1,000, 100, 10, or 5 parasites yielded PCR products (Fig. 1) . The PCR assay using templates from washes of wet mount preparations yielded positive results for slides containing 3 or more T. foetus organisms (Fig.  1) .
Amplification products were seen from PCR reactions in 0.1 ml of cultured preputial material containing approximately 1,000, 100, 50, 10, or 5 T. foetus organisms (Table 1; Fig. 2.) and samples of 0.3 ml of cultured preputial material containing approximately 300, 150, 30, or 15 T. foetus organisms (Table 1, Fig.  2 ). For some samples, it was necessary to dilute the extracted material and repeat the PCR assay in order to obtain visible DNA bands. No amplification products were seen in direct or diluted extractions of the negative controls from cultured preputial material (Fig.  2) . No amplification products were seen in direct or diluted extractions from cultured preputial material from the negative bulls examined (data not shown). Sample sequence obtained from a T. foetus isolate from the same outbreak as the isolate used for spiking * Samples that were initially negative were diluted 1:10 and the PCR assay repeated. † For samples spiked with 10 4 T. foetus organisms, only two 0.1-ml volumes were extracted. ‡ For samples spiked with less than 10 4 T. foetus organisms, three 0.1-ml and one 0.3-ml volumes were extracted. § One negative 0.3-ml sample from a sample spiked with 500 T. foetus/ml was not repeated as a dilution. was virtually homologous with the published sequence for T. foetus with these primers (data not shown).
The diagnostic sensitivity of the Diamond media culture test for T. foetus in bulls has been estimated from 81.6% 14 to 96.8%. 1 Variations in the estimate of the sensitivity are likely to be due to differences in media preparation and to the numbers of bulls examined. 12 The diagnostic sensitivity of 81.6% estimated by Skirrow and others 14 was calculated from a large group of naturally infected bulls and is likely a better estimate. A test that provided an improvement in diagnostic sensitivity and that was less tedious would be useful. A high analytical sensitivity has been demonstrated in work done in T. foetus PCR test development with organisms in pure culture and prepared preputial material containing flagellates. 7, 8 Unfortunately, the work done by these researchers did not show an increase in diagnostic sensitivity when the PCR assay was used with samples from infected bulls. The results of the present study demonstrate that the PCR assay is able to detect concentrations of T. foetus organisms in cultured preputial material at low concentrations. This application of the PCR could facilitate an increase in diagnostic sensitivity.
Since concentrations of approximately 50 T. foetus/ ml (5 T. foetus organisms in the actual sample extracted) of medium were detected, a PCR assay could be used as a screening test on cultured samples. A positive PCR result from a cultured preputial sample could then be followed up with microscopic examination and intensive efforts to increase the concentration of organisms by subculture. It is likely that a positive mor-phological identification of cultured organisms will remain the gold standard, but the ability to screen out large numbers of negative animals (such as in testing animals in artificial insemination centers) by a sensitive assay would improve the efficiency of testing. This study did not attempt to concentrate the T. foetus organisms in the postculture preputial sample. It is likely that, if greater volumes of postculture preputial sample were taken and an attempt made to concentrate the sample, preputial samples containing few or individual flagellates would be detected by PCR amplification.
It has been suggested that inhibitors of PCR reactions present in preputial material account for the fact that a low detection limit has not been accompanied with an increase in diagnostic sensitivity. 7, 8 The use of agar and resin in the extraction technique improved the analytical sensitivity of the PCR assay (unpublished data) in the presence of preputial material. It may be that the resin aids in limiting the effect of inhibitors present in the sample. 9 Twenty-eight of the PCR assays of undiluted extracted material did not produce amplification products. Of these, 27 were positive (1 dilution was not done) when a 1:10 dilution of the extracted material was used as template for the PCR assay. It is possible that dilution of the template allows inhibitors to be diluted without affecting the availability of the target sequence for amplification. 6 Some variability was seen in the results depending on the bull from which the preputial sample originated. The amount of preputial material collected from a bull can vary quite substantially, and since levels of inhibitors are also likely to vary in preputial samples from different bulls, it is important to include preputial samples from as many bulls as is feasible when evaluating diagnostic tests. It is also important to build spiked samples that are similar to real diagnostic samples. Further work demonstrating the usefulness of using the PCR assay to identify infected bulls needs to be done.
Culture and microscopic identification is the gold standard for diagnosing T. foetus infection in cattle. Correct identification of observed organisms is crucial to maintaining a high specificity for the diagnostic test. Flagellates morphologically similar to T. foetus have been found to contaminate preputial samples. 3, 15 While staining and phase microscopy can be used to better visualize key features of flagellates, these techniques are impractical for cultures containing few organisms. In addition to being used as a screening assay, the PCR could be used as an alternative technique to confirm the identification of observed organisms, regardless of numbers. A slide wash technique was developed and used in conjunction with the PCR assay to detect as few as 3 T. foetus organisms.
The work in this study demonstrates the usefulness of the PCR assay for samples of cultured preputial material and gives an estimate of the analytical sensitivity of this method. While specificity was not directly addressed in this study, none of the cultured preputial material from the uninfected bulls in this study yielded PCR amplification products. In our laboratory, no amplification products have been identified using these primers with other trichomonads (Trichomonas vaginalis, Tritrichomonas enteris, a Tritrichomonas foetus-like protozoan from virgin bulls 3 ) and bacteria (Escherichia coli, Pseudomonas aeriginosa, Bacillus subtilis, Campylobacter fetus, Mycoplasma bovis, Proteus mirabilis) that could potentially contaminate a preputial sample (unpublished data.) This is in agreement with other researchers utilizing these primers. While DNA from Tritrichomonas suis and Tritrichomonas mobilensis yielded amplification products, genomic DNA from other related trichomonads and some bacteria did not. 7 Tritrichomonas suis and T. mobilensis have been described from pigs and squirrel monkeys, respectively, and are unlikely to contaminate preputial samples from bulls. The species of trichomonads examined comprise a very small proportion of potential contaminants. Our work with negative bulls concurs with other work suggesting a diagnostic specificity of 100% in a population of bulls maintained in quarantine at an artificial insemination facility. 7 These results suggest a high specificity, but this PCR assay needs to be further evaluated in different populations of uninfected cattle and with other flagellated protozoans to improve the reliability of the estimate of specificity. Nevertheless, the results reported in this present study demonstrate that the PCR assay can be used to enhance the traditional test for T. foetus, with the increase in the sensitivity of detecting organisms in culture medium.
